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An important measure for climate change mitigation is reduction of energy use in buildings worldwide.
In 2010 Skanska Sverige AB began designing an oﬃce building in the southern parts of Sweden, aiming towards a Net zero energy
building (Net ZEB) balance. The construction work started in the middle of 2011.
In the beginning of 2012 Sveriges Centrum fo¨r Nollenergihus/the Swedish Centre for Zero-energy buildings (SCNH) published a
Swedish deﬁnition for a zero-energy building in the Swedish climate. In short; the Swedish deﬁnition of a zero-energy building demands
fulﬁlment of the passive house criteria, and that a zero energy balance must be reached over a year based on import/exported balance.
This study summarises the overall design ideas, constructions, installations, energy balance of the oﬃce building and investigates
whether the building reaches the zero energy-building deﬁnition according to SCNH. The simulations show that a Net ZEB balance
may be reached. However, the passive house criterion is not reached. The study discusses pros and cons in the Swedish deﬁnition of
“zero-energy building”/Net ZEB and suggests clariﬁcations needed and possible amendment that may be implemented in an updated
version of the deﬁnition.
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Reduction of energy use constitutes an important mea-
sure for climate change mitigation. Buildings today2212-6090  2013 The Gulf Organisation for Research and Development. Prod
http://dx.doi.org/10.1016/j.ijsbe.2013.05.002
⇑ Corresponding author. Tel.: +46 46 222 73 56; fax: +46 46 222 47 19.
E-mail addresses: bjorn.berggren@ebd.lth.se (B. Berggren), maria.wal-
l@ebd.lth.se (M. Wall), kajsa.ﬂodberg@ncc.se (K. Flodberg), eje.sand-
berg@aton.se (E. Sandberg).
Peer review under responsibility of The Gulf Organisation for Research
and Development.
Production and hosting by Elsevieraccount for 40% of the world’s primary energy use and
24% of the greenhouse gas emissions (International Energy
Agency (IEA), 2011). The population and need for residen-
tial and non-residential buildings increases worldwide.
Therefore, reduction of energy consumption and increased
use of energy from renewable sources in the buildings sec-
tor constitute important measures required to reduce
energy dependency and greenhouse gas emissions.
Today, the concept of Net zero energy buildings (Net
ZEBs) is no longer perceived as a concept that can only
be reached in a very distant future. A growing number of
projects in the world, in diﬀerent climates, show that it is
possible to reach Net ZEB balance with technologies avail-uction and hosting by Elsevier B.V. Open access under CC BY-NC-ND license.
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(Fachinformationszentrum, 2011; Lenoir et al., 2011;
Musall et al., 2010; SHC Task40/ECBCS Annex52 IEA,
2011; Voss and Musall, 2011).
In contradiction to autonomous Zero energy buildings
(ZEBs), the Net ZEBs interacts with the energy infrastruc-
ture. Renewable energy generation covers the annual
energy load. At a ﬁrst glance, the “zero energy concept”
seems simple and intuitive. However, there may be signiﬁ-
cant diﬀerences between deﬁnitions that seem similar. Rel-
evant studies that investigate diﬀerences and try, to clarify
the deﬁnitions may be found in (BPIE, 2011; Kurnitski
et al., 2011; Marszal et al., 2010, 2011; Sartori et al.,
2010; Sartori et al., 2012). In the most recent of the studies
(Sartori et al., 2012) a comprehensible framework is pre-
sented. The framework considers relevant aspects charac-
terising Net ZEBs and may be used to deﬁne consistent
(and comparable with others) Net ZEB deﬁnitions in
accordance with country speciﬁc conditions. The presented
framework was largely developed in the context of the joint
IEA SHC Task40/ECBCS Annex52: Towards Net Zero
Energy Solar Buildings (International Energy Agency
(IEA) Solar Heating an Cooling programme (SHC) &
(ECBCS), 2008).
In 2010, Skanska Sverige AB began designing an oﬃce
building in the southern parts of Sweden, aiming towards
Net ZEB balance, called “Va¨la Ga˚rd”. The construction
work started in the middle of 2011. The building was taken
into use in the autumn of 2012. In the beginning of 2012 the
Swedish Centre for Zero Energy Buildings (SCNH) pub-
lished a revised deﬁnition of “mini energy house”, passive
house and zero-energy building (Sveriges Centrum fo¨r Nol-
lenergihus, 2012) for the Swedish climate. In short; the
Swedish deﬁnition of a zero-energy building demands the
fulﬁlment of the Swedish passive house criteria, and that
a weighted zero energy balance must be reached over a year
based on import/export balance. Hence, it is a Net ZEB.
This study summarises the framework presented
within the IEA SHC Task40/ECBCS Annex52 and theWeighted supply
load
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Figure 1. Based on (Sartori et al., 2012). Left; sketch of connection between
representing the Net ZEB balance concept and strategy.Swedish Net ZEB deﬁnition. Furthermore overall design
ideas, constructions, installations and energy balance of
the Net ZEB oﬃce are presented. The studied case
investigates whether the building reaches the Net ZEB
deﬁnition according to SCNH, discusses pros and cons
in the Swedish deﬁnition of Net ZEB and proposes
small clariﬁcations and additions suggested for an
updated version of the deﬁnition. The studied building
is an oﬃce building. Hence, only the Swedish Net
ZEB deﬁnition for non-residential buildings is addressed
in this study.
1.1. Terminology and the balance concept of Net ZEB
In Fig. 1(left), the terminology used and the link
between them are presented. The Net ZEB balance is
reached when the weighted supply meets or exceeds the
weighted demand. The general strategy to reach a Net
ZEB balance may be described as a two-step procedure:
ﬁrst, apply energy eﬃciency measures to reduce energy
demand (e.g., passive house design principle). Secondly,
generate energy to achieve the balance, Fig. 1(right).The
passive house design principle may be described as (Janson,
2010):
 Reducing thermal losses through the building and
install/use a balanced ventilation system with a high sys-
tem heat recovery eﬃciency.
 Minimise the need of electricity by installing energy eﬃ-
cient fans, pumps, appliances and lighting systems.
 Utilise solar energy, both for passive solar gains and as a
source for domestic hot water production and local pro-
duction of electricity.
 Measure and visualise the energy use in a user friendly
and transparent way.
Diﬀerent aspects, recommended to be addressed within
the Net ZEB framework (Sartori et al., 2012) are summa-
rised below:Weighted demand
(kWh, CO 2, etc)
Weighted supply
(kWh, CO 2, etc)
Net ZEB
balance line
Starting
point
Energy efficiency measures
Energy
supply
buildings and energy grids showing relevant terminology. Right; graph
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1.1. Physical boundary – needed to know where to com-
pare/measure energy ﬂows in and out the system
and to identify energy generated from renewable
sources ”on-site”.
1.2. Balance boundary – deﬁnes which energy uses that are
included in the Net ZEB balance. The terminology
described in EN 15603 [SIS 2008] may be used.
1.3. Boundary conditions – represent deﬁnitions of reference
climate, comfort standard and type of building use.
2. Weighting system
2.1. Metrics – refers to the speciﬁc metric chosen for the
Net ZEB balance. Common metrics are: primary
energy (total or non renewable), site energy, carbon
emissions, exergy, costs etc.
2.2. Symmetry – demand and supply may be weighted
symmetrically or asymmetrically. For example if
costs are balanced, the tariﬀs may diﬀer for export
and import.
2.3. Time dependent accounting – commonly static weight-
ing factors are used. However quasi-static or dynamic
weighting factors would most likely help the design of
Net ZEBs towards more optimal interaction to the
grid.
3. Net ZEB balance
3.1. Balancing period – May diﬀer, usually one year.
3.2. Type of balance – refers to whether the balance is
based on load/generation; the building’s energy
demand compared to energy generation, no self-con-
sumption evaluated, or import/export; energy ﬂows
to and from the building, passing the physical bound-
ary. It shall be noted that the graphical presentation
(Fig. 1 right) of the two diﬀerent balances will diﬀer
due to on-site energy self consumed and possible stor-
age losses within the building if energy storage is
used.
3.3. Energy eﬃciency – in addition to the Net ZEB bal-
ance, requirements may be set on energy eﬃciency,
such as U-values of windows, air tightness etc.
3.4. Energy supply – there may be requirements on mini-
mum share of the building’s energy demand covered
by renewable sources. Furthermore it may not be
allowed to oﬀset delivered electricity with exported
heat, etc.
4. Temporal energy match characteristics
4.1. Load matching – evaluations/requirements of/on –
load matching may be set according to Eq. (1).
4.2. Grid interaction – evaluations/requirements of/on –
grid matching may be set according to Eq. (2) and
Eq (3).
5. Measurement and veriﬁcation
In order to check that a building is in compliance with
the deﬁnition, a procedure for calculations and/or mea-
surements needs to be deﬁned in order to verify the
building.fload;i;T ¼ min½1; gi=li ð1Þ
fgrid;i;T ¼ ðei  diÞ=max½ei  di ð2Þ
fgrid;i;year;T ¼ STDðfgrid;i;T Þ ð3Þ
Where g is generation, l is load, e is exported energy, d is
delivered energy, i is the energy carrier and T is the evalu-
ation period, year, month, week, etc.1.2. The Swedish Net ZEB deﬁnition
The Swedish Net ZEB deﬁnition (Sveriges Centrum fo¨r
Nollenergihus, 2012) is presented below according to the
framework presented above:
1. Building system boundary
1.1. The Physical boundary is deﬁned in accordance to
the Swedish building regulations (Boverket, 2011).
Hence, in general, the physical boundary is the
building itself. However, the physical boundary
is enhanced to the building site for solar thermal
(ST) collectors, PV panels and equipment that
generate heating or cooling (e.g., usually diﬀerent
types of heat pumps or biomass boilers). The
Swedish building regulations are not clear regard-
ing how to account for wind mills and micro
CHP plants on-site. However, the Swedish Net
ZEB deﬁnition states that wind mills may be
placed anywhere on the building site.
1.2. Balance boundary is also deﬁned in accordance to
the Swedish building regulations. Hence, energy
used for heating, cooling and dehumidiﬁcation,
ventilation and humidiﬁcation, hot water and per-
manently installed lighting of common spaces and
utility rooms are included in the balance. Other ser-
vices are not included in the balance (e.g., comput-
ers, copiers, TVs etc.).
1.3. Boundary conditions – The Swedish Net ZEB deﬁni-
tion deﬁnes set point temperature for heating. Fur-
thermore, it deﬁnes internal heat gains from
occupancy presence and electricity use. Also energy
use for heating of water is deﬁned. Set point for
cooling is not deﬁned. No requirements or deﬁni-
tions are set for outdoor climate.
2. Weighting system
2.1. The chosen Metric to calculate the Net ZEB bal-
ance is referred to as weighted energy.
2.2. Symmetric weighting is applied.
2.3. Static weighting factors are used. Hence, no Time
dependent accounting. The following factors are
used; welectricity: 2.5, wdistrict heating: 0.8, wdistrict cooling:
0.4. All other energy carriers are multiplied by one,
w
other
: 0.4. (bio fuel, natural gas, oil etc.)
3. Net ZEB balance
3.1. The Balancing period is one year.
3.2. The Type of balance is import/export.
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ance, the building must fulﬁl the Swedish passive
house requirements, in short:
3.3.1 Peak load for heating (VFT) 6 7.7 + 0.233(21
DVUT) W/m2. The maximum value may be
increased for buildings with conditioned area
(Atemp) < 400 m
2 by 2 W/m2 (DVUT is the design
outdoor temperature).
3.3.2 Air permeability, q50 6 0.30 l/s, m2.
3.3.3 Average U-value for all windows and glazed areas
60.80 W/m2K.
3.4. Energy supply – no requirements.
4. Temporal energy match characteristics
4.1. Load matching – no requirements.
4.2. Grid interaction – no requirements.
5. Measurement and veriﬁcation. To enable veriﬁcation
of the energy performance, energy metering must be
separated into heat and electricity. Electricity should
also be separated into energy use included and
excluded in theBalance boundary. Furthermore, con-
sumption of hot water must bemeasured and operat-
ing hours for the building should be documented.
In addition to the requirements presented above, the Swed-
ish Net ZEB deﬁnition requires:
1. Noise from ventilation system should not exceed sound
class B, SS 025268 (Swedish Standards Institute, 2007).
2. Indoor temperature must be investigated through
simulations.
3. If the ventilation system is designed for intermittent
operation, the design should ensure that air ﬁlters are
dry before shut down.
4. Speciﬁc fan power and energy consumption for ventila-
tion, pumps, lighting, motors, control, monitoring
equipment etc. This must be reported together with
the presentation of the energy simulation.
5. Electricity consumption and internal heat gains from
these should be calculated, documented and compared
with reference values, deﬁned in the Net ZEB deﬁnition
(the deﬁned boundary conditions).0
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Figure 2. Left Qsolar,g in diﬀerent directions, sorted on diﬀerent o6. Material used for the construction should not have
microbiological growth of abnormal quantity or have
divergent odour. Isolated, visible, onset of mould
growth on wood must be grounded or planed away.
Wood is not allowed to have moisture content above
0.20 kg/kg when delivered on-site. Furthermore, it is
not allowed to have moisture content above 0.16 kg/kg
when interior and exterior cladding is mounted. Critical
moisture conditions for carpets, adhesives and ﬁllers
shall not be exceeded. Measurements shall be made by
an authorised controller or equivalent.
2. Case study – Oﬃce Building; Va¨la Ga˚rd
2.1. Calculations and simulations
Calculations of U-values and thermal bridges are accord-
ing to EN ISO 6946:2007 (Swedish Standards Institute,
2007a), EN ISO 13370:2007 (Swedish Standards Institute,
2007c) and EN ISO10211:2007 (Swedish Standards Insti-
tute, 2007b). All calculations are based on internal areas.
To enable quick evaluation of diﬀerent options, static calcu-
lations for maximum heat transfer losses and peak load for
cooling is calculated. The calculation of maximum heat
transfer losses is carried out according to the equation
deﬁned in the SCNH deﬁnition of Net ZEB. A simpliﬁed
method for calculation of peak load for cooling (Pcool), pre-
sented in Eq. (4), was developed and used in this case study.
P cool ¼ Qi;light þ Qi;eq þ QSolar ð4Þ
Where Qi,light is internal heat gains due to electric light
(W/m2), Qi,eq is internal heat gains due to electric equip-
ment (W/m2) and Qsolar is heat gains due to solar radiation
calculated according to Eq. (5) (W/m2).
Qsolar ¼ ð
X
AgggQsolar;gÞ=Atemp ð5Þ
Where Ag is the area of glazing (m
2), gg is g-value of
glazing (%), Qsolar,g is intensity of solar radiation on win-
dow surface according to Eq. (6) (W) and Atemp is condi-
tioned area (m2).α
5
0
5
0
g
verhang angles. Right; sketch describing the overhang angle.
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of the solar radiation is calculated for diﬀerent directions
according to Eq. (6) and presented in Fig. 2 for diﬀerent
overhang angles.
Qsolar;g ¼ F dirRdir þ F dif Rdif;sky þ Rdif;ground ð6Þ
Where Fdir is shading correction factor for direct radia-
tion (), Rdir is direct radiation from the sun (W) (assumed
to be 800 cos (Sh)), Fdif is shading correction factor for dif-
fuse radiation (), Rdif,sky is diﬀuse radiation from the sky
(W) (assumed to be 100) and Rdif,ground is diﬀuse radiation
due to ground reﬂectance (W) (assumed to be 100).
If external screens are used, shading correction factors
may be given by the manufactures or the suppliers. If ﬁxed
overhangs are used, shading correction factors may be cal-
culated according to Eqs. (7) and (8). Maximum solar radi-
ation is calculated by checking diﬀerent azimuths/
directions of the sun, perpendicular to the diﬀerent facades.
F dir ¼ max½0; 1 ð0:5 tan aÞ= tanð90 ShÞ ð7ÞFigure 3. Orientati
Figure 4. Facade faF dif ¼ 1 ða=90Þ ð8Þ
Where a is the overhang angle as deﬁned in Fig. 2 () and
Sh is solar height ().
In addition to static calculations, simulations are carried
out using IDA ICA 4.5 Beta (EQUA, 2012). Time-step for
evaluation of import and export of energy was 15 min.2.2. Description of case study
The studied building is a two-storey oﬃce building situ-
ated in the south of Sweden. The overall design concept
may be described as two main buildings with double
pitched roofs, connected by a smaller building with a ﬂat
roof. The smaller building serves as an entrance and recep-
tion. On the ﬁrst ﬂoor, the facade facing south west is
shaded by a ﬁxed overhang, a = 60. The gable walls on
the “main buildings have ﬁxed screens as solar shading,
shading factor FAll = 0.5. The smaller “entrance building”
has glass facades. The glazing on the upper ﬂoor has a ﬁxedon of building.
cing south east.
Table 3
Diﬀerent options as basis for calculations and simulations.
Name Description
Base
case
As described in Fig. 3
Opt. 1 Windows and glazing, Uw; 0.80 W/m
2K
Opt. 2 Solar shading all windows and glazing, ﬁxed overhang; a = 30
Opt. 3 Solar shading all windows and glazing, ﬁxed overhang; a = 45
Opt. 4 Solar shading all windows and glazing, ﬁxed overhang; a = 60
Opt. 5 Air permeability (q50/n50); 0.15 l/s, m
2/0.5 h1
Opt. 6 Heat exchange eﬃciency; 90%
Opt. 7 All building elements, excluding windows and glazing; 0.11 W/
m2K including thermal bridges
Opt. 8 Opt. 1, 4, 5, 6 and 7
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heat pump system, with four heat pumps located at the
building site. The heat pumps have variable speed compres-
sors, enabling the system to adjust the speeds (and heat
production) depending on the varying heating loads.
Hence, the system eliminates energy losses caused by stop-
ping and starting. Furthermore this enables the heat pumps
to manage more than 100% of the estimated peak load.
Free cooling is extracted from the bore holes during sum-
mer. Roof sides facing south west are equipped with PV
panels. During summer, the PV panels are expected to
export electricity to the grid. Input data for simulations
and characteristics are presented in Figs. 3–5, and Tables
1 and 2.Figure 5. Photograph of the building, as built, taken from west facing
towards east.
Table 1
Input data for simulations – constructions.
Constructions
Slab on ground, 350 mm EPS U = 0.08 W/m2K
Exterior walls, 200 mm Graphite
EPS + 95 mm min. wool
Uc = 0.11 W/m
2K
Double pitched roof, 520 mm min.wool Uc = 0.08 W/m
2K
Flat roof, 350 mm EPS + 20 mm min.wool Uc = 0.10 W/m
2K
Windows Uw = 0.90 W/m
2K
Glazed entrance Uw = 1.00 W/m
2K
Thermal bridges To be identiﬁed
Air permeability (q50/n50) 0.3 l/s, m
2
1.0 h1
Table 2
Input data for simulations – HVAC, equipment, solar energy.
HVAC, equipment, solar energy
Heating and cooling Set point for tempera
Ventilation VAV ventilation 1–8 l
(ventilation oﬀ; July a
Lighting and equipment Lighting (on/oﬀ); 6.7/
Equipment (on/oﬀ); 6
Occupancy Occupancy load; 0.05
Heat pump COPHeating; 3COPcooli
Solar energy PVArea; 450 m
2, kWpPIn addition to the base case, calculations and simula-
tions for other options, described in Table 3, are
investigated3. Results
Examining the construction design, sixteen potential
thermal bridges were identiﬁed and calculated. All speciﬁc
values for thermal bridges were increased by 10%, as input
data for simulation, to account for any additional thermal
bridges not identiﬁed (safety margin). The thermal bridges
are presented in Fig. 6. The thermal bridges increase the
transmission heat transfer losses by 29%. In Fig. 7, the rel-
ative impact of each identiﬁed thermal bridge is presented.
The relative impact is calculated by multiplying the speciﬁc
value of each thermal bridge with the speciﬁc quantity. As
can be seen, roughly 50% of the transmission heat transfer
losses through thermal bridges occur in junctions to the
ﬂoor slab. A rather large share of the transmission heat
transfer losses through thermal bridges also occur in junc-
tions to windows.
To enable comparison of the static calculations and the
dynamic simulations, the results from the calculations and
simulations of peak loads for heating and cooling are pre-
sented together in Fig. 8 (left). Also, the Net ZEB balances
for the diﬀerent options are presented (right).
Examining peak loads for heating and cooling, there are
diﬀerences between the calculated and simulated results.
Regarding peak load for heating, the simulations show a
slightly higher peak load compared to the calculated value.ture; 21–23 C
/s, m2 heat exchange eﬃciency; 82% ventilation operating weekdays 6–18
nd Christmas)
0.1 W/m2 operating weekdays 7–17, oﬀ; July and Christmas
.7/0.1 W/m2operating weekdays 7–17, oﬀ; July and Christmas
occ/m2 weekdays 7–17
ng; 20
V; 67.5
Figure 6. Identiﬁed thermal bridges. Presented values do not include any safety margin.
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Figure 7. Relative impact of indentiﬁed thermal bridges.
B. Berggren et al. / International Journal of Sustainable Built Environment 1 (2012) 217–226 223
020
40
60
80
100
120
140
160
0 20 40 60 80 100 120 140 160
W
ei
gh
te
d
su
pp
ly
(k
W
h/
m
2 a
)
Weighted demand (kWh/m2a)
Base case
Opt. 1
Opt. 2
Opt. 3
Opt. 4
Opt. 5
Opt. 6
Opt. 7
Opt. 8
Base case
Opt. 1
Opt. 2
Opt. 3
Opt. 4
Opt. 5
Opt. 6
Opt. 7
Opt. 8
13
17
21
25
29
33
37
41
13 17 21 25 29 33 37 41P
ea
k 
lo
ad
fo
r h
ea
tin
g/
co
ol
in
g
(W
/m
2 )
D
yn
am
ic
si
m
ul
at
io
n
Peak load for heating/cooling (W/m2)
Static calculation
Base case
Opt. 1
Opt. 2
Opt. 3
Opt. 4
Opt. 5
Opt. 6
Opt. 7
Opt. 8
Base case
Opt. 1
Opt. 2
Opt. 3
Opt. 4
Opt. 5
Opt. 6
Opt. 7
Opt. 8
Figure 8. Left; peak load for heating (red, lower left in ﬁgure) and cooling (blue, upper right in ﬁgure), static calculations vs. dynamic simulations. Right;
weighted supply and weighted demand. Import/export balance (orange, lower left) and load/generation balance (green, upper right) are presented.
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the simulation (11.1 C) is lower compared to the calcu-
lated design temperature for heating (9.2 C). The largest
percentage diﬀerence within peak load for heating is within
option six, where the heat exchange eﬃciency is increased.
This could be due to that the peak loads appear at night
when the ventilation is oﬀ, which aﬀects the simulation
but not the static calculation. Over all, comparing static
calculations and simulations regarding peak load for heat-
ing, show rather small percentage diﬀerences; 1–11%.
There are bigger diﬀerences comparing peak loads for
cooling; 11–34%. The biggest diﬀerences are in options
where large external overhangs are considered, option four
and option eight. The percentage diﬀerences are 29% and
34%, respectively. In all other options, percentage diﬀer-
ences vary between 11% and 17%. A better convergence
may be reached by adjusting the simpliﬁed model, choosing
a later day of the year to calculate the solar height and
adjusting assumed intensity of the solar radiation.
The building as built, and all investigated options, outper-
forms the Net ZEB balance (Fig. 8 right). Examining the
import export/balance for the diﬀerent options in Fig. 8, it
is hard to distinguish diﬀerences between the diﬀerent
options. This is due to the geothermal heat pumps which
reduce the eﬀects of the diﬀerent investigated options. The
eﬀects of the diﬀerent options are somewhat larger when
investigating load/generation balance in the same ﬁgure.
There are no disparities in the diﬀerence between load–
generation and import–export for each investigated option.
This is due to that the simulations did not include modeling
of hot water storage tanks. It is assumed that the consump-
tion of electric energy for heat pumps simply is the heat-
and cooling loads divided by the speciﬁc COPs assumed
for the system. More detailed modelling of the heat pumps
and the hot water storage tanks would result in disparities.
4. Discussion and conclusions
Since this oﬃce was designed before there was a Swedish
deﬁnition of Net ZEB; is it not surprising that all require-ments within the Swedish Net ZEB deﬁnition are not ful-
ﬁled. However, this study shows that it is possible to
reach the most important requirement in the Swedish Net
ZEB deﬁnition, i.e. the Net ZEB balance, using existing
technologies. The oﬃce building, as built, theoretically
reaches the Net ZEB balance but does not fulﬁl the energy
eﬃciency requirement regarding peak load for heating and
U-values for windows set in the Swedish Net ZEB deﬁni-
tion. To reach the requirement regarding peak load for
heating all investigated options would have been needed
to include.
A large share of the transmission heat transfer losses
occur through thermal bridges (29%). This may be per-
ceived as if the building has large thermal bridges. This
is not the case. The thermal bridges account for a rela-
tively large share primarily due to that all building ele-
ments have a high heat resistance. However, thermal
bridges occurring in junctions related to the ﬂoor slab
and windows could have been better designed. The foot-
ings around the ﬂoor slab perimeter and underneath the
interior load bearing walls could have been ﬁtted with
insulation underneath and on the exterior side. The rea-
son for not mounting insulation around the footings is
most likely due to structural design; the risk of settling
is low when no insulation is used. However, there are
insulation products on the market that may handle/carry
large loads, e.g., Foamglas (Foamglas, 2013) and XPS,
extruded polystyrene boards, (Sundolitt, 2013). The spe-
ciﬁc value of the thermal bridge due to window embra-
sures is relatively low. The high relative impact is due
to the large quantity. So even if the speciﬁc value is
low some extra attention should have been given to the
junction between external wall and window. The thicken-
ing of the interior concrete construction could probably
be reduced in order to further reduce the thermal bridge.
Examining the impact of the diﬀerent options; three
options have a slightly larger impact on the energy demand
of building. Hence, the following recommendations could
be given if the building still was in the design phase, or
was to be redesigned:
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heat resistance of building elements, i.e., investigated
option seven; all building elements, excluding windows
and glazing; 0.11 W/m2K including thermal bridges,
reduced the energy demand by 13%.
 Try to improve the air tightness. Make sure to carry out
early air tightness tests, to identify potential improve-
ments, and to test the building as built, i.e. investigated
option ﬁve; air permeability (q50/n50) 0.15 l/s, m
2/
0.5 h1, reduced the energy demand by 6%.
 Investigate if it is possible to install windows with lower
U-value, i.e., investigated option one; windows and
glazed entrance, Uw; 0.80 W/m2K, reduced the energy
demand by 2%.
It shall be noted that the Swedish Net ZEB deﬁnition
excludes energy used for plug loads. To ensure low costs
related to energy use during operation; all measures that
may reduce the use of electricity should be investigated.
After testing the Swedish Net ZEB deﬁnitions some
points may be made. The physical boundary is rather clear.
To further enhance the clearness, the deﬁnition could refer
to the building site as the physical boundary, if that is what
is intended, instead of referring to the Swedish building
regulations.
The Balance boundary is also rather clear. A comple-
mentary reference to the Swedish building regulations
could be the reports published by SVEBY (SVEBY,
2011), which clarify and interpret the Swedish building reg-
ulations. E.g. the Swedish building regulations do not spe-
ciﬁcally give guidance regarding whether energy for
elevators are included in the balance boundary, but
SVEBY does.
Regarding Boundary conditions; the design temperatures
which shall be used to calculate the peak load for heating
are well deﬁned. Input data for simulations could be fur-
ther clariﬁed, both regarding interior and exterior bound-
ary conditions. However, there are many factors aﬀecting
the result of an energy simulation. It may be more suitable
to specify a report template or to develop a simple tool to
verify the energy performance. Preferably it could be an
upgrade of the existing tool; Energihuskalkyl (Aton Tek-
nikkonsult AB, 2009).
The Net ZEB deﬁnition uses the terms import and
export on a yearly basis. Hence there is no actual need to
clarify the Type of balance. However, since there are no
deﬁned input data in short time steps, it may be more suit-
able to use load/generation balance, i.e., the annual energy
needed and the annual energy generated.
If load/generation balance is introduced there may be a
need to specify how to calculate/consider on-site genera-
tion that does not have the ability to export excess energy,
e.g., solar thermal collectors producing heat for domestic
hot water.
There are today no requirements regarding Temporal
energy match characteristics. A future update of the Swed-
ish Net ZEB deﬁnition may include these. If these shouldbe included, further studies should be made in collabora-
tion with stakeholders representing the Nordic energy
infrastructure. As an alternative to Temporal energy match
characteristics quasi-static or dynamic weighting factors
could be used.
This study also presents a simpliﬁed method for calcula-
tions of peak loads for cooling. The method could be
improved and used as a method to estimate peak loads
for cooling in early design phases.
The Swedish Net ZEB deﬁnition was not available when
this building was designed and constructed. All investi-
gated options would have been able to implement except
for the requirement on U-values for windows and glazing.
To be able to meet that speciﬁc requirement, changes in the
architectural design would have been required. From a
design perspective it is always important to consider mea-
sures for energy eﬃciency before aiming at a Net ZEB Bal-
ance. Net ZEB oﬃce buildings may not need the same
requirements on energy eﬃciency as residential buildings
due to the rather high internal heat gains. The energy eﬃ-
ciency is likely to be optimised anyway due to market prin-
ciples: it is very costly to construct a Net ZEB that is not
ﬁrst of all an energy eﬃcient building.
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